younger than 60 years of age. It was hypothesized that the functional outcomes in this young patient group would remain significantly improved beyond 10 years and that management of complications is possible. ) with a massive, irreparable rotator cuff tear and secondary pseudoparalysis of active anterior elevation were treated with RTSA. All patients gave written consent to participate in the study, and the responsible review board approved the study.
Materials and Methods Patients
Patients with active anterior elevation of <90°and preserved free passive anterior elevation were considered to have pseudoparalysis. The rotator cuff was considered to be irreparable if pseudoparalysis was chronic, if the acromiohumeral distance was <7 mm on an anteroposterior radiograph, and/or if fatty infiltration of the supraspinatus and infraspinatus muscles was greater than stage 2 according to the Goutallier classification 26 or the modification of that classification for magnetic resonance imaging (MRI) 27 . Only patients with a minimum of 8 years of clinical and radiographic follow-up were included.
At the time of final follow-up, 3 patients (12%) had died and 3 (12%) had been lost to follow-up. None of these patients had any complications or revision surgery as confirmed by institutional records or telephone.
The study cohort consisted of 20 patients (11 men and 9 women) with a total of 23 affected shoulders. Their mean age was 57 years (range, 47 to 59 years) at the time of the index procedure. The dominant shoulder was involved in 17 cases (74%). Patients were examined in person at a mean of 11.7 years (range, 8 to 19 years). The RTSA was the primary procedure in 8 shoulders (35%) and was performed as revision surgery in 15 (65%), 5 of which underwent >1 previous shoulder surgical procedure other than RTSA (Table I) . According to the classification of Hamada et al.
28
, 14 shoulders (61%) demonstrated radiographic evidence of glenohumeral arthritis (stage 4 or 5), whereas 9 (39%) showed no signs of glenohumeral arthritis (stage 1, 2, or 3). The preoperative morphologic appearance of the teres minor muscle on computed tomography (CT) or MRI was classified in 22 shoulders according to the system of Walch et al. 29, 30 and graded as normal in 11 shoulders (50%), as hypertrophic in 2 (9%), as atrophic in 5 (23%), and as absent in 4 (18%).
Clinical and Radiographic Assessment
Functional and radiographic results were included only if the RTSA implant was still in situ (n = 21) at the time of final follow-up. Clinical and radiographic examination was performed preoperatively and at 1, 2 to 5, 5 to 8, 8 to 10, and >10 years postoperatively.
Examiners who had not operated on the patients assessed the outcome in an institutionally standardized manner at each time point. Clinical examination included measurement of the active and passive ranges of motion using a handheld goniometer while the patient was seated and assessment of the absolute Constant score (aCS) and relative Constant score (rCS, which is a percentage of age and sex-matched normal scores) 31, 32 as well as the Subjective Shoulder Value (SSV) 33 . Patients rated their overall postoperative results as "excellent," "good," "fair," or "unsatisfactory." Abduction strength was measured with a validated electronic dynamometer (Isobex; Cursor) 34 . Preoperatively and postoperatively, standardized true anteroposterior, axillary lateral, and scapular lateral radiographs were made for all patients. Outcome measures evaluated on the postoperative radiographs were inferior scapular notching, radiolucency, and glenoid or humeral loosening. Inferior scapular notching was graded as described by Sirveaux et al. 16 . Radiolucency around the components was defined as grade 0 (no radiolucent line), grade 1 (incomplete 1-mm line), grade 2 (complete 1-mm line), grade 3 (incomplete 1.5-mm line), grade 4 (complete 1.5-mm line), or grade 5 (complete 2-mm line) 35 . Two independent shoulder surgeons who were both blinded to the clinical results analyzed the radiographs.
Surgical Technique
The surgical technique for the RTSA was performed as described by Werner et al. 8 . The Delta III reverse shoulder prosthesis (DePuy) was implanted in 14 shoulders (61%) and the Anatomical Shoulder Reverse prosthesis (Zimmer), in 9 (39%). The humeral component was cemented in place with gentamicinimpregnated bone cement (Palacos; Heraeus Kulzer) in 12 shoulders (52%). The native glenoid was replaced with a glenosphere The infection led to component removal and insertion of a cement spacer molded around a locking plate.
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T 18, 2017 with a diameter of 36 mm in 18 shoulders (78%), 40 mm in 4 shoulders (17%, all Anatomical), and 42 mm in 1 (4%, Delta III). All shoulders treated with a Delta III RTSA received a standard lateralized humeral polyethylene cup, whereas a 16-mm medializing offset humeral cup was implanted in the Anatomical replacements. At the preoperative examination, 3 patients showed combined loss of active anterior elevation and external rotation and underwent RTSA with concurrent latissimus dorsi transfer according to the recommendation of, and with the technique described by, Gerber et al.
36
.
Statistical Analysis
The Shapiro-Wilk test was applied to test the data for normal distribution. Preoperative and postoperative functional scores were compared using the paired t test (normal data) and the Wilcoxon signed-ranks test (non-normal data). The KruskalWallis test and the Mann-Whitney U test were applied for subgroup analysis. The Fisher exact test was used for categorical variables. The Pearson correlation coefficient was calculated to assess bivariate correlation between postoperative outcome measures and the number of previous operations, Hamada stage of the massive rotator cuff tear, and morphologic appearance of the teres minor muscle. Implant survivorship in the entire series (including the 6 patients who died or were lost to follow-up) was assessed using Kaplan-Meier curve analysis. The alpha level was set at 0.05, and all p values were 2-tailed. The interobserver reliability of the assessments of the Hamada stage of the massive rotator cuff tear, morphologic At the clinical examination 15 years later, the patient was satisfied, reported mild pain, and had acceptable shoulder function. 1724 18, 2017 appearance of the teres minor muscle, and scapular notching was measured by calculating the intraclass correlation coefficient (ICC) for absolute agreement, with 1 indicating perfect reliability.
Results

Complications
N ine shoulders (39%) had ‡1 postoperative complication (Table II) . With the available data, neither previous surgery nor the severity of preoperative glenohumeral arthritis was found to be significantly associated with postoperative complications (p = 0.633 and 0.383). The complication rate for the shoulders without prior surgery was 38% (3 of 8) compared with 40% (6 of 15) for those that had undergone surgery prior to RTSA. The complication rate for the shoulders without glenohumeral arthritis (Hamada stage 1, 2, or 3) was 56% (5 of 9) compared with 29% (4 of 14) for those with glenohumeral arthritis (Hamada stage 4 or 5).
Reoperations, Revisions, and Failures
Overall, ‡1 reoperation was performed in 6 shoulders (26%), 5 of which had undergone previous surgery. The average time from the RTSA to the reoperation was 28 months; 2 reoperations were due to early complications and 4, to late complications. Four open revisions (17%) were performed, including exchange of the polyethylene liner because of instability (n = 2), conversion to hemiarthroplasty (n = 1), and implant removal and insertion of a cement spacer (n = 1). The conversion to hemiarthroplasty was performed after dissociation of a glenoid component 76 months after the original procedure in a patient with severe ankylosing spondylitis and severe preoperative glenoid erosion. At the latest follow-up evaluation, the patient was satisfied, reported no pain, and had an SSV of 45%. The cement spacer was implanted in a patient who had undergone 5 surgical procedures prior to the index operation and who had developed a deep infection 18 months after the RTSA. She declined additional surgery after the spacer implantation (Figs. 1-A through  1-D) . These 2 patients had the 2 failures (9%) in this series.
Dislocation occurred in 4 (17%) of the shoulders (Table II) . One dislocation occurred within the first 6 weeks postoperatively and was treated with open reduction and insertion of a thicker polyethylene liner. The patient had a stable RTSA at the time of final follow-up. The other 3 dislocations were late complications, occurring after 50, 60, and 64 months. Two patients were treated with closed reduction and had a stable RTSA at the time of final follow-up. The dislocation that occurred after 64 months was treated with open reduction and insertion of a thicker polyethylene liner. This patient subsequently developed a deep infection, which was treated with aggressive debridement and postoperative intravenous antibiotics without any additional complications (Figs. 2-A through 2-D) .
Clinical Outcomes
The 2 shoulders (9%) that had a failure were not included in the analysis of the clinical outcomes. The mean aCS and rCS, active anterior elevation, active abduction, and SSV of the remaining 18, 2017 21 shoulders significantly improved compared with the preoperative status (Table III) . The mean active external rotation remained unchanged (28°compared with 26°; p = 0.749). Of the 3 patients who underwent a concurrent latissimus dorsi transfer, 2 had 20°of active external rotation and 1 had 40°, which corresponded to an improvement of 40°in 2 and 20°in 1. The functional outcomes and SSV showed no significant deterioration within the entire observation period (Table IV) . One patient, who had an SSV of 0% due to persistent pain and poor shoulder function, was dissatisfied with the outcome. This patient had had 4 previous surgical procedures and 1 arthroscopic reoperation and declined any more treatment.
Neither the mean rCS nor the mean SSV was significantly influenced by the severity of the preoperative cuff tear arthropathy, the morphologic appearance of the teres minor muscle, or previous surgery (p > 0.05). Also, the mean active external rotation was not affected by the state of the teres minor muscle in this small cohort (p = 0.942). The number of previous surgical procedures, however, correlated with the postoperative pain level (r = 20.59; p = 0.005) and SSV (r = 20.51; p = 0.019). 
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T 18, 2017 Patients with complications but retained implants (n = 7) had inferior results with regard to the mean rCS (60% versus 74%), active anterior elevation (108°versus 122°), and active abduction (99°versus 117°) (p < 0.05 for all) as well as with respect to the mean postoperative pain level (10 versus 14 points; p = 0.025) and SSV (51% versus 80%; p = 0.047) compared with patients without complications. The functional outcomes, postoperative pain levels, and SSVs did not deteriorate significantly over time in the group with complications (p > 0.05). The mean preoperative rCS for patients with complications that did not result in implant removal (23%) was significantly inferior to that of patients without any complications (33%; p = 0.047). Therefore, the mean improvement in rCS, pain level, and SSV did not differ significantly different between the shoulders with complications (37%, 5 points, and 35%, respectively) and those without any complications (43%, 8 points, and 58%; p > 0.05).
Radiographic Outcome
The 2 failures (9%) were not included in the analyses of the radiographic results.
There were no signs of loosening of the humeral stem or glenoid component at the latest follow-up evaluation.
Inferior scapular notching was found in 20 (95%) of the shoulders. The number with, and the degree of, notching increased over time (Table V) . Patients with scapular notching of grade 2 or higher (n = 10) had a significantly lower mean rCS (57% versus 81%; p = 0.006) and SSV (54% versus 86%; p = 0.003) at the time of final follow-up compared with patients with no or grade-1 notching (n = 11). Patients with no Figs. 3-A and 3-B Kaplan-Meier survivorship analysis. Fig. 3 -A The rate of survival free of any reoperation was 82% at 5 years and 74% at 10 years. Fig. 3-B The rate of survival with conversion to hemiarthroplasty or implant removal and cement spacer insertion as the end points was 96% at 5 years and 92% at 10 years.
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T 18, 2017 or grade-1 notching had significantly better mean active anterior elevation (136°versus 97°; p = 0.006) and active abduction (137°versus 82°; p = 0.010) as well as significantly less pain (10 versus 15 points; p = 0.007). Preoperatively, patients who ultimately had no or minimal notching had a mean of 20°more active anterior elevation (73°versus 53°; p = 0.189) and 19°more active abduction (67°versus 48°; p = 0.251) than those who ultimately had advanced notching, although these preoperative differences did not reach significance in this small cohort. The assessments of the preoperative stages of massive rotator cuff tear arthritis (r = 0.89; 95% confidence interval [CI] = 0.76 to 0.95), morphologic appearance of the teres minor muscle (r = 0.84; 95% CI = 0.66 to 0.93), and scapular notching (r = 0.87; 95% CI = 0.70 to 0.94) had very good interobserver reliability.
Survival Analysis
The overall rate of survival without a reoperation was 82% at 5 years and 74% at 10 years ( Fig. 3-A) . The survival rate with failure of the RTSA as the end point was 96% at 5 years and 92% at 10 years ( Fig. 3-B) .
Discussion
A ll patients included in the present series were younger than 60 years of age and had a painful, dysfunctional shoulder due to an irreparable rotator cuff tear, which was associated with glenohumeral osteoarthritis in 14 (61%) of the cases. At a mean of 12 years after the RTSA, the complication rate was 39% of 23, the revision rate was 17%, and the failure rate was 9%. However, the subjective and objective functional outcomes were substantially improved compared with the preoperative status, with a mean gain of 40% in the rCS and of 51% in the SSV at the time of long-term follow-up.
The observed improvement is consistent with previous studies of elderly patients 6, 10, 11, 37 and of younger populations [22] [23] [24] [25] . However, in contrast to previous reports on older populations 7, 12, 38 , the outcomes did not decline significantly in our long-term study of younger patients.
In terms of shoulder function, active external rotation remained unchanged from the preoperative to the postoperative evaluations except in patients with a concurrent latissimus dorsi transfer, which improved active external rotation. While Sirveaux et al. 16 reported that the CS and active external rotation are correlated with the state of the teres minor muscle, the present results, albeit in a small series of patients, did not confirm that finding. Also, neither advanced arthropathy nor previous failed surgery significantly affected the functional outcome. Previous studies demonstrated variable influence of these factors on outcome 8, 10, 16, 24, 25 , and we are unable to explain these differences in the literature. However, they are likely related to differences in patient selection and observational selection biases.
The functional results of the patients with postoperative complications were inferior to those of the patients without complications. Patients with postoperative complications, however, had significantly inferior shoulder function prior to the RTSA and had similar magnitudes of improvement compared with the patients without complications.
A quarter of the patients rated their postoperative result as only fair. We believe that the less favorable subjective assessment in our study, compared with that provided by elderly patients, is related to higher patient demand and expectations and also to the selection of patients with complex pathological conditions and previous operations. The correlation of the number of previous surgical procedures with higher pain levels and inferior SSVs supports this interpretation.
No glenoid or humeral component loosening was observed radiographically, despite advanced glenoid notching in 29% (6) of the shoulders. Considering that almost 50% (10) of the shoulders had grade-1 notching, the rate of notching is comparable with that in previous studies using humeral implants with an inclination of 155°6 ,8,11,24 . The prevalence and degree of inferior scapular notching increased over time, and greater notching was correlated with inferior shoulder function. The effect of inferior scapular notching on shoulder function is somewhat controversial 10, 12, 16, 21, 39 ; there have been suggestions that notching is associated with poorer outcomes, but a cause-and-effect relationship has not been proven. In our series, patients who ultimately had higher-grade notching had 20°less preoperative active anterior elevation and 19°less preoperative active abduction.
Limitations of this study include the retrospective design with its associated bias, the limited sample size and inadequate power to perform meaningful statistical analyses of subgroups (e.g., based on the specific type of implant used), and the number of different types of previous surgical procedures. Although the indication for all of the RTSAs was a massive, irreparable rotator cuff tear with pseudoparalysis of active anterior elevation, there was some heterogeneity due to different stages of glenohumeral osteoarthritis and numbers of previous surgical procedures.
The findings of this study suggest that, in the absence of treatment alternatives, RTSA is a justifiable treatment for patients with a massive, irreparable rotator cuff tear before the age of 60, despite a high complication rate, and provides substantial and lasting improvement of shoulder function and pain scores. n
